Background: Glutathione S-transferases (GSTs) are members of the phase II biotransformation enzymes that play a key role in cellular detoxification of chemical carcinogens and xenobiotics. Variations at GST genes have been reported in different human populations, and some association studies have reported increased risk for cancers and other disease end points. The present study was conducted to investigate the allele frequency variations in south Indian populations.
Introduction
Xenobiotic metabolism is the set of metabolic pathways that modify the chemical structure of xenobiotics, such as environmental components and pharmaceuticals to endogenously produce reactive substances (Dekant, 2009; Liska et al., 2006) . The biotransformation system involves several enzyme systems that are commonly divided into two phases; phase I and phase II. The phase I enzymes are responsible for oxidation, reduction or hydrolysis and can be either detoxifying or activating (Liska, 1998) . The phase II enzymes exert mainly detoxifying potential by conjugation (Liska et al., 2006) . Xenobiotic metabolising enzymes are critical components in removing or detoxifying reactive metabolites of xenobiotics which make these enzyme candidates risk factors (Xu et al., 2005) . The outcome of biotransformation in most cases is detoxification; nevertheless, metabolism of some xenobiotics produces metabolites that are more reactive than their substrate compound. Glutathione Stransferases are members of the phase II biotransformation enzymes. They play a key role in cellular detoxification by protecting the cell through conjugation of glutathione from chemical carcinogens and xenobiotics. These glutathione conjugates are normally less toxic and possess a better water-solubility than the original substances, whereby the excretion from the cell is facilitated.
Glutathione S-transferase T1 (GSTT1) belongs to theta class of GSTs and is involved in the detoxification of carcinogens, as well as in the formation of toxic metabolites. The gene encoding GSTT1 maps on chromosome 22q11.23 (Pemble et al., 1994) and is located within a genomic region of segmental duplications (de Bustos et al., 2006) . A deletion of the GSTT1-gene (GSTT1-0 allele) is associated with susceptibility to several malignancies (Cheng et al., 2012; Hayes et al., 2005; Pan et al., 2012; Ruiz-Cosano et al., 2012) . Glutathione S-transferase P1 (GSTP1) belongs to theta class of GSTs enzyme and plays a key role in biotransformation and bioactivation of certain environmental pollutants. GSTP1 gene belongs to the pi class gene family. The gene encoding GSTP1 is located on chromosome 11q13 (Board et al., 1989) and is comprised of seven exons (Morrow et al., 1989) . The well studied functional polymorphism is an A to G transition at nucleotide 313 in exon 5 of GSTP1 gene which results in an isoleucine to valine substitution in codon 105 (Ile105Val) which is located on the substrate-binding site of GSTP1 (Hu et al., 1997) . Since the initial identification of GST polymorphisms, a large number of genetic association studies have been conducted to investigate the relationship between these polymorphisms and the risk of disease or treatment outcome (Davies et al., 2001; Mossallam et al., 2006; Qadri et al., 2011) . GST gene polymorphisms have also been studied with respect to various cancers and have been variously associated with cervical cancer , esophageal cancer (Yi and Li, 2012) , colorectal cancer (Wang et al., 2012) , and Hodgkin and non-Hodgkin lymphoma (Bin and Luo, 2013) . Given the potential important role of these polymorphisms in this study, the authors examined GSTT1 (null allele) and GSTP1 (Ile105Val) polymorphisms in six south Indian populations in order to understand the frequency differences between ethnic groups that most likely result from evolutionary processes.
Materials and Methods

Subjects
Intravenous blood samples (about 3mL each) were obtained from a total of 212 unrelated males (aged 34 to 60 years old) belonging to Reddy, Balija, Mala, Madiga, Sugali and Muslims populations inhabiting Andhra Pradesh, southern peninsula of India. Apart from Muslims (religious group) five population groups speak a branch of Dravidian linguistic group. Details of the populations are documented in Table 1 . All study subjects were apparently healthy volunteers and no diagnosis was performed on them. Subjects with personal or family history of cancer and any other complex diseases like diabetes and hypertension were excluded from the study. All participants provided written informed consent. This study was approved by the Ethics Committee of the Narayana Medical College, Nellore, India and conforms to the principles outlined in the Declaration of Helsinki. DNA from all samples was isolated using a standard protocol (Sambrook et al., 1989) . 
Genotyping
The GSTT1 ins-del and GSTP1 Ile105Val polymorphisms were genotyped in 212 individuals. The GSTT1 genotyping was performed using PCR-electrophoresis method, to detect the presence or absence of a 215-bp product as described by Voso et al. (2002) . Briefly, the primers of GSTT1 were 5'-TTC CTT ACT GGT CCT CAC ATC TC-3' and 5'-TCA CCG GAT CAG GCC AGC A-3'. The PCR products were separated by 3% agarose gel electrophoresis and identified by ethidium bromide staining. Nonamplification upon repeated PCR denotes null allele, but this assay does not discriminate heterozygotes from homozygotes for GSTT1 null allele. The GSTP1 Ile105Val polymorphism was genotyped according to the methods previously described (Zhao et al., 2001) . Briefly, the primers of GSTP1 were 5'-CCA GTG ACT GTG TGT TGA TC-3' and 5'-CAA CCC TGG TGC AGA TGC TC-3'. The PCR products were digested with restriction enzyme BsmA I at 55℃ for 4 hours for GSTP1 genotyping and detected by electrophoresis on 3% agarose gel. For the genotyping of the GSTP1 gene, the 189-bp PCR product remained intact for the A allele, but was cleaved into smaller fragments of 149-bp and 40-bp in the case of the G allele.
Statistical Analysis
For GSTT1 ins-del polymorphism, deleted allele frequencies in each population were calculated.
For GSTP1 Ile105Val polymorphism, allele frequencies in each population were determined by direct counting. Hardy-Weinberg equilibrium (HWE) ratios were calculated by software HWSIM, a DOS-based program (Cubells et al., 1997) . For a worldwide comparison in a wider context the authors also extracted 20kb up and downstream SNPs around rs1695 from the HapMap data (Tanaka, 2009) .
Results
The GSTT1 ins-del and GSTP1 Ile105Val were polymorphic in the study populations. Population-specific genotypes counts and frequencies among different populations are shown in (Figure 1 ). 
Discussion
The Glutathione S-transferases (GSTs) are the major phase II metabolizing enzymes and play a key role in cellular detoxification by the conjugation of glutathione (GSH) to a wide variety of substrates which possess electrophilic sites and convert stable and soluble compounds easily excreted from the organism . In the present study, we analysed GSTT1 deletion allele that result in lack of GSTT1 activity (Sprenger et al., 2000) and GSTP1 Ile105Val polymorphism that associated with a higher level of DNA adducts (Ryberg et al., 1997) . Genotypic screening of these two polymorphisms in South Indian populations revealed high variation in their allele frequency spectrum.
The incidence of the GSTT1 gene null allele differs among global populations. Significant differences in GSTT1 null allele frequencies were observed between Caucasian, Asian, African and African American populations (Lee et al., 2008) . The prevalence of GSTT1 null allele in the present study ranges from 11% to 22%, which is almost similar to the frequencies reported in Caucasians (Blackburn et al., 2006; Johansson et al., 1998; Mannervik et al., 2005) . Korean population showed higher frequency of (45.3%) of GSTT1 null allele compared with the white Americans (20.4%), African Americans (21.8%), Mexican-Americans (9.7%) (Hoglund et al., 2009; Marinkovic et al., 2008) and Turkish populations (10.8-28 .3%) (Oke et al., 1998; Shchipanov et al., 2008; Sura et al., 2008) . The GSTT1 null allele frequency in Native Russians is very close to allelic frequencies observed in some European populations (Baysal et al., 2008) . GSTT1 null allele in Ouangolodougou, a north Ivory Coast population, is significantly higher (33.1%) than in Chinese, Japanese and Pakistani populations (Santovito et al., 2010; Shaikh et al., 2010) . In the HapMap CEU population, it was demonstrated that the SNP rs2266633 (Asp141Asn) is the "tagging SNP" of the GSTT1 homozygous deletion (Zhao et al., 2009 ).
In fact, the prevalence of different GSTP1 genotypes varies between different populations and ethnic groups. The prevalence of GSTP1 Val105 in the present study ranges from 20% to 38.2% which is slightly higher than the frequencies reported in other Asian Populations (Harris , 1998; Pae et al., 2003) . A Lesser frequency of GSTP1 Val allele was also reported in Somalis (8%) (Buchard et al., 2007) , sub-Saharan Africans (12 to 21%) (Dandara et al., 2002) and Arabs (13%) (Buchard et al., 2007) . A Slightly higher frequency of Val105 allele was found in Caucasians (Harris et al., 1998; Juronen et al., 2000; Rybicki et al., 2006) . But analysis of HapMap populations revealed the highest frequency of Val105 allele in African populations followed by European and Indian populations. Association Studies involving the GST genes provided conflicting results. For the elucidation of association studies, we can presume that individual functional polymorphisms might have the same functional effect in different racial groups because the versatile physiological function of the GST system will not be drastically different between ethnic populations. However, the present study reports the frequency of GSTT1 null allele and GSTP1 Ile105Val polymorphism in Indian populations which provide foundation for potential epidemiological and clinical studies.
